The Taquari River Basin, located in Poços de Caldas Alkaline Complex, in the southern portion of Minas Gerais state, Brazil, is situated in an old volcanic caldera. Due to its chemical and radiological characteristics, it is an area of economic and mineral interest, and is also home to diverse flora and fauna systems. In its surroundings, there are agricultural areas, industries (active and inactive) and urban and rural centers. This work investigated the total and potentially bioavailable concentrations of major and trace elements for the evaluation of geogenic and anthropogenic contamination potentials in the water bodies. The results show that there is an anthropogenic contribution (fertilizers and mining tailings) in some sectors of the Taquari River Basin, generating possible concerns regarding the quantity of elements that may be transferred to the water bodies. Furthermore, there is the striking geogenic contribution from naturally enriched areas, presenting distinct situations that generate an increase in the concentration of chemical elements in the water bodies.
INTRODUCTION
Sites that present areas contaminated by agrochemicals (EMBRAPA, 2004) or by industrial effluents can have, for the most part, soils with high metal contents, affecting sustainability, biodiversity and productivity, and offering a high degree of danger to the population (Sun et al., 2001) . Mining activities raise various environmental impacts depending on their size, exploitation and processing methods employed. These potential impacts directly or indirectly affect the local environment and communities and, in some cases, also the surrounding area (Marnika et al., 2015) . In the mineral industry generally, a large amount of tailings is generated, mainly in the steps of mining and the chemical processing of the ore, generally deposited in piles and tailing dams, respectively. Effluents from both tailings can carry toxic substances and seriously impact the environment. The presence of sulfides in tailings can lead to acid mine drainage, considered a serious problem in mining projects, due to the degradation of the quality of groundwater and surface waters, as well as soils and sediments (USEPA, 1994) The systematic and often inadequate use of compounds for soil correction can result in increased accumulation of metals and toxic substances in soils, which may migrate to groundwater, surface water and river beds, often in concentrations that can cause severe impacts to the environment. The river bottom sediments are fundamental components of the river environment, which provide nutrients for living organisms and act as receptors of anthropogenic contaminants (Reis et al., 2010) . Studies on the evaluation of environmental impacts due to the use of agricultural correctives have been developed throughout the world and in Brazil (Savci, 2012; Yousaf et al., 2017) . One aspect to consider in agricultural/industrial activities is rock phosphates. These constitute the main raw material for manufacture of phosphate fertilizers. During the production process, most metals remain in fertilizers (Freitas et al., 2009; Valle, 2012) .
It is known that these phosphates naturally contain several metals, which may be of concern with regards to environmental contamination (Agbenin, 2002) . It is important to mention some studies that indicate uranium (U) and thorium (Th) contents and their decay products in phosphate fertilizers, which, depending on the origin of the phosphate rock, may be significant (Saueia and Mazzilli, 2006; Jacomino et al., 2009) . The main objective of the present study was to evaluate if anthropogenic and/or geogenic agents are contributing to the increase of the concentration of certain metals in the fluvial sediments of the study area.
The study area extends for 102 km² and is located in the municipality of Caldas, in the central-southeast region of the Poços de Caldas Alkaline Complex (PCAC) ( Figure 1 ). The area is located in the Taquari River Basin, consisting of the Consulta and Soberbo Streams and the Taquari River itself. The main types of soil use and occupation of the Taquari River Basin are agriculture and the Caldas Uranium Mine (CUM), which is currently in the decommissioning process ( Figure 1 ). Although no longer in production, previous works (Fernandes et al., 1995; Carvalho Filho et al., 2016; 2017) in the area surrounding this former mine indicate possibilities for the generation of liabilities and contamination of the external environment, mainly as a consequence of acid mine drainage (AMD).
The agricultural sector is represented in the study area by vegetables, dairy and cattle farming, ornamental plants (mainly roses) and silviculture (with greatest expansion in the last 20 years). This plantation growth has generated a change in the local soil chemistry, resulting from agrochemicals, fertilizers and soil correctives. Continuous application together with the high turnover can generate undue accumulations of non-essential elements in the soil and later in water bodies.
The local geology comprises a set of plutonic, volcanic and subvolcanic rocks belonging to the PCAC (Figure 1 ). Nepheline syenites, phonolites, volcanic breccias and pyroclastic rocks predominate in the area (Schorscher and Shea, 1992; Valeton et al., 1997) . The CUM uranium deposit is defined as a mineralization of U-Th-Zr-Mo-REE (rare earth elements), composed mainly of uranium black oxides (uraninite and pitchblende -UO2), which is occasionally accompanied by cofinite (U 4+ ,Th)(SiO4)1-x(OH)4x. The mineralogy of the ore consists of: sulfide minerals, mainly pyrite FeS2 and rarely galena PbS and sphalerite ZnS; zirconium minerals, generally zircon-Zr SiO4; minerals containing Mo, mainly jordisite MoS2 and ilsemanite Mo3O8.nH2O; fluorite CaF2 and REE phases (Schorscher and Shea, 1992; Waber et al., 1992) .
The Morro do Taquari U-Zr-anomaly is found in the study area ( Figure 1) and was characterized by the presence of caldasite (CT), a complex ore of zircon (ZrSiO4) and badeleite (ZrO2) containing uranium inclusions (Schorscher and Shea, 1992) . The mining waste, consisting of barren rocks and low-grade ore, were added to dump deposits or bota-fora (BF), among which bota-fora 4 (BF4; Figure 1 ) is the most important from an environmental point of view. The wastes from the chemical treatment and acid neutralization were deposited in the tailings dam (BR; Figure 1 ), and after the addition of BaCl2 to force radio precipitation, the effluent from the BR pour into the Soberbo Stream. The oxidation of pyrite in the wastes of BF4 and BR produces AMD, which when percolating through the waste can dissolve uranium and other toxic metals present.
Studies performed in the region of the uranium mine (Fernandes et al., 1995; 1998; Carvalho Filho et al., 2016; 2017) show a migration of acid mine drainage to water bodies, which can result in surface water and groundwater contamination. 
MATERIALS AND METHODS
The methodology of the study was structured considering the following: a) the potential anthropogenic sources of contamination are represented by fertilizers and CUM tailings, classified as diffuse and point sources, respectively; b) The caldasite ore was considered as a geogenic source; c) Fluvial sediments from the Taquari River Basin represent the matrix under investigation.
A total of 14 fluvial sediment samples (SD) were collected ( Figure 1 ): six upstream of the CUM discharges -SD01, SD05, SD09, SD10 SD11 and SD12. The last two are a few meters downstream of the Morro do Taquari U-Zr-anomaly; the others are downstream of CUM. All fluvial samples are in places where there may be fertilizer application. A total of six mining tailings samples were collected (RM, Figure 1 ): 3 in BF4 (RM01, RM03 and RM04) and 3 in BR (RM02, RM05 and RM06).
The procedure for collecting the sediment and mining tailing samples was performed by using a shovel or a device for removing material from the river bottom, called a "rock-islander". Selection of fertilizers was done in conjunction with the "Company of Technical Assistance and Rural Extension of the State of Minas Gerais" (EMATER), where seven samples (FT01 to FT07) were collected from farms near the sediment sampling points. For the geogenic species, a composite sample of caldasite ores (CT) was prepared from 10 single random samples collected in outcrops at the Morro do Taquari anomaly ( Figure 1) .
The sediment and tailing samples were dried at a temperature of approximately 80ºC, then disaggregated and sieved, obtaining an approximate fraction of <63μm for identification and quantification of the elements present. Caldasite was crushed and pulverized (63 μm). The fertilizer samples were only pulverized (63 μm).
To quantify the elements Al, Ca, Fe, K, Mg, Mn, Na, P, Pb, Rb, Si, Sr, Ti, Zn and Zr, the powdered samples underwent a press and compaction process with boric acid. Measurements of this material were performed using an X-ray fluorescence spectrometer, brand Rigaku, model ZSX Primus II, at the Mineral Technology Service of the Nuclear Technology Development Center (CDTN).
Uranium and thorium were analyzed at Analytical Chemistry and Radiochemistry Service of the CDTN, by the neutron activation technique, thorium by the k0-AAN method (Menezes and Jacimovic, 2006) and uranium by the delayed fission neutrons method (Jacomino et al., 2009 ). The samples were irradiated using the CDTN's nuclear research reactor TRIGA MARK I IPR-R1 and measured by a Canberra gamma spectrometry system, coaxial model 5019 HPGe detector with 50% nominal efficiency.
The Enrichment Factor (EF) is an index that evaluates the influence of metal sources of anthropogenic and geogenic origin in sediments (Selvaraj et al., 2004) , and is defined as Equation 1:
CM sample is the total concentration of metal M in the sample; CNE sample is the total concentration of the normalizing element in the sample; CM reference is the total concentration of element M in the reference standard; CNE reference is the total concentration of the normalizing element in the reference standard. For calculating the enrichment factor, the elements Fe, Al and Sc are usually adopted as normalizing elements (NE) (Schropp et al., 1990; Din, 1992) . In the present study, iron was selected as NE, and as reference standard were used the mean values of elemental concentrations found by Valeton et al. (1997) for the PCAC rocks.
EF values of approximately 1.0 indicate that the metal in the analyzed sediment is predominantly of geogenic origin, contrary to values greater than 1 which indicates that the metal is of anthropogenic origin. Chen et al. (2007) proposed a degree of enrichment based on EF values: EF<1, no enrichment; 1<EF≤3, little enrichment; 3<EF≤5, moderate enrichment; 5<EF≤10, moderately severe enrichment; 10<EF≤25, severe enrichment, 25<EF≤50 very severe enrichment, >50, extremely severe enrichment. Table 1 shows the elemental concentrations found in sediment (research data) and local rock (Valeton et al., 1997) . 
RESULTS AND DISCUSSION

SD=Sediment.
Source: research data. LR -Local Rock. Geochemistry data reported by (Valeton et al.,1997 The elemental concentrations found in potential sources of contamination-PSC (fertilizers, wastes and caldasite) are shown in Table 2 . After calculating the enrichment factor (EF), the nine elements that obtained FE> 3 in at least one (1) sediment sample are represented in Table 3 : Ba, Cu, Mg, Mn, Ni, P, Pb and U. The EF values calculated from the mean concentration of each PSC are shown in Table 3 . The distribution of EF for sediments and PSC is shown in Figure 2 . Phosphorus is an important macronutrient for plants and is very present in the analyzed fertilizers (Table 3 and Figure 2 ), with an extremely severe enrichment, while only moderately enriched in BR and CT. It is the element with the highest occurrence of results (8) with EF> 3 in the fluvial sediments: moderately enriched (SD03, SD04, SD05, SD09 and SD11), moderately severe enrichment (SD02 and SD06) to severe enrichment (SD01). Phosphorus is the most enriched element (Figure 3 ) in samples SD01, SD02, SD06, SD09, SD10 and SD12. The samples SD01, SD02, SD09 and SD10 are located upstream of the CUM and the caldasite ore. In these samples, fertilizers are probably the source of phosphorus enrichment.
In the SD06 sample, phosphorus and nickel (present only in SD06) are the most enriched elements. Nickel is a micronutrient for plants, and its occurrence in PSC is restricted to the analyzed fertilizers (Table 3 and Figure 2 ). As will be seen later, this sample is moderately enriched in copper. This P-Ni-Cu association has a severe enrichment in the evaluated fertilizers, it strengthens them as the cause of the P enrichment verified in the SD06 sample. The SD12 sample occurs in the agricultural area downstream of the CT. In this sample, the phosphorus must be related to fertilizers, but the contribution of the CT cannot be ruled out.
Copper is a micronutrient for plants; therefore it occurs in fertilizers with extremely severe enrichment, while it is moderately enriched in BR. In the sediments it is moderately enriched in 7 samples: SD04, SD05, SD06, SD07, SD08, SD13 and SD14. This copper enrichment, although moderate, is a strong indication of fertilizer input. Cu occurs as the most enriched element in sample SD05 (Figure 3) . Barium is moderately enriched in BR tailings, but presents extremely severe enrichment in the analyzed fertilizers. In BR, the enrichment in Ba certainly arises from the addition of BaCl2 to treat BR effluents. Ba is not a plant nutrient, but is present associated with calcium 9 Distribution of major and trace elements in … Rev. Ambient. Água vol. 14 n. 5, e2342 -Taubaté 2019 and phosphorus in fertilizers. In the evaluated sediments, barium presents moderate enrichment (SD07, SD08, SD13 and SD14) to severe enrichment (SD04). In SD04 sample certainly the fertilizer application is the cause of the enrichment. In the other samples, the enrichment must come from fertilizers and/or from BR effluent discharges, since all the samples are in the drainage line downstream of this dam. SD03 (moderately severe enrichment), being the element more enriched in the latter. BF4 effluents are certainly responsible for this uranium enrichment. In the potential sources of contamination Mn has a moderately enriched (CT and FT) to moderately severe enrichment (BR). In the mineral treatment process crushed pyrolusite (MnO2) was added to act as a uranium ore oxidizing agent (Golder, 2012) . This source of exogenous Mn must be the main cause for the enrichment in Mn in the wastes deposited in BR. Mn is a micronutrient so it is found in the analyzed fertilizers. In the fluvial sediments Mn occurs moderately enriched in samples SD09 and SD11, in which it is the most enriched element. In sample SD09, located in an area with exclusively agricultural occupation, the presence of Mn (together with P) indicates the fertilizers as cause of the enrichment. In the SD11 sample, Mn may come from the fertilizers and/or from the caldasite.
Magnesium (macronutrient for plants) occurs only in fertilizers with EF> 50 (extremely severe enrichment). In the sediments it is enriched only in sample SD08 (moderately severe enrichment), probably due to the application of fertilizers. The Pb is not enriched in any of the PSC, whereas in the sediments it occurs moderately enriched in SD02 sample. It is difficult to associate this enrichment with any source, but since this sample was collected upstream of BF4, Pb must come from fertilizers. Thorium is enriched (moderately) only in BF4, which should be the thorium source for sample SD04.
CONCLUSION
The results obtained in this study provide an overview of the concentrations of the selected chemical elements in sediments of water bodies in the Taquari River Basin. These results indicate relevance for this region, considering the large presence of areas with fertilizer application, mining areas and natural anomaly. The application of the enrichment factor showed that the fluvial sediments present moderate to severe enrichment in P, Cu, Ba, U, Mn, Ni, Mg, Pb and Th, indicating the predominant influences of anthropogenic material and natural anomalies.
